Abstract. When complex values are assigned to the source coordinates in the expressions for the fields radiated by a line or point source in a homogeneous medium, the resulting fields have the form of a two-or three-dimensional Gaussian beam. This fact may be utilized to develop results for beam propagation and scattering in inhomogeneous regions from corresponding results for point or line source fields. After justifying the analytic continuation procedure to derive rigorous integral solutions for the (two-dimensional) beam fields reflected by and transmitted through a plane dielectric interface, asymptotic results are obtained by the saddle point method; it is found that the analytic continuation to complex source coordinates can be performed directly on the asymptotic expressions for reflected, refracted and lateral wave constituents of ordinary line source fields. Interpretation of the reflected fields reveals that they incorporate directly the lateral beam shift, a phenomenon usually regarded as a diffraction effect. When the beam is incident from the denser medium at an angle greater than the critical angle for total reflection, calculation of the evanescent transmitted fields requires special care since the corresponding results for an ordinary line source have not been well developed. A "local inhomogeneous plane wave" approximation is derived for the transmitted field in this case, together with physically meaningful restrictions on the range of validity of the approximation. These restrictions, and their interpretation, which have not previously been reported, are of importance in approximating the evanescent fields produced by total reflection in more general configurations not amenable to rigorous analysis.
1. Introduction. The fields reflected from and transmitted through a planar dielectric interface have been well explored for incident plane wave and point source excitation. The present investigation considers the reflected and transmitted fields for a bounded incident beam. Beams are of interest since they describe more realistically than plane waves or point sources the fields associated with large aperture antennas or laser optical systems. Moreover, reflected and transmitted beam fields exhibit diffraction phenomena not occurring in the plane wave and point source cases. These aspects are explored in detail. Emphasis is placed on developing a local inhomogeneous plane wave description of evanescent fields produced by total reflection. Associated restrictions and their physical interpretation are obtained for the purpose of approximating evanescent fields in problems not amenable to rigorous analysis.
In contrast to previous analytical studies of beam propagation and diffraction, wherein bounded beams were represbnted by a superposition of plane waves [1, 8, pp. [100] [101] [102] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] [114] [115] [116] [117] or by beam modes [2] , we utilize a representation that permits beam propagation and diffraction effects to be characterized by an appropriate Green's function without integrating over an aperture illumination or employing spectral superposition of plane waves. Such a beam representation, proposed by Deschamps [33, is based on the properties of the flee-space Green's function when the source coordinates are assigned complex values. The corresponding fields, unlike those of beam modes, satisfy Maxwell's equations exactly; they produce a Gaussian beam in the paraxial region but provide a valid description of the fields at arbitrary observation points. In the presence of obstacles and inhomogeneities, the propagation and scattering of beam fields can therefore be obtained by analytic continuation of source coordinates in the appropriate Green's functions to complex values;this makes available for beam problems the extensive literature that has been devoted to evaluation of Green's functions in configurations exhibiting a wide range of propagation and diffraction effects.
Two-dimensional beam fields obtained by assigning complex values to the source coordinates in the line source Green's function for an infinite medium are discussed in 2. Integral representations for the field reflected and transmitted at a planar dielectric interface are found to be obtainable by analytic continuation from those for a real line source. As shown in 3, asymptotic expressions for the reflected beam field can similarly be deduced by analytic continuation from results for a real line source, except in the case of incidence from the denser medium when the beam incidence angle and the observation angle 0 are simultaneously close to the critical angle 0. For > 0 in the case of incidence from the denser medium, the Goos-Hnchen or lateral beam shift is obtained explicitly from this asymptotic reflected field result, while for < 0 an angular shift of the beam center, as measured from the image source, is found to occur. For incidence from the rarer medium, the asymptotic evaluation of the transmitted field yields a refracted beam that can also be obtained by analytic continuation of the asymptotic expressions for the transmitted field of a real line source ( 4.1). In the paraxial approximation, it is found that the refracted beam appears to be generated by a virtual beam source.
For incidence from the denser medium, the transmitted beam field is complicated by the fact that both the refracted field and the evanescent field produced by total reflection must be considered. Analytic continuation of known asymptotic solutions cannot now be invoked directly since the evanescent contribution is usually ignored for real line source fields. To clarify this aspect, a careful study of the analytic properties of the transmitted field integral has been undertaken, with emphasis on the role played by saddle points descriptive of the refracted and evanescent constituents. To this end, saddle points and steepest descent paths have been tracked numerically, and the results are discussed in the beginning of 
4.
The behavior of the evanescent field produced in the rarer medium by a beam incident from the denser medium at angles larger than the critical angle is studied in 4.2. Such exponentially decaying fields are utilized in the operation of various optical devices [4] , [5] , [6] and they occur naturally, for example, in the ionosphere where the variation of electron density with altitude may introduce continuous refraction and evanescent decay of the impinging wave. It is found that there exists near the interface a region, which can be many wavelengths in depth, where the evanescent field is dominant over the refracted field in the rarer dielectric; this region of dominance is explored in detail by comparing the relative asymptotic contributions from the refracted and evanescent constituents. In previous analyses, the fields at a point P in the evanescent (cut-off) region were assumed to be those produced by a plane wave, incident at the beam angle and having an amplitude equal to that of the incident beam at the point on the interface closest to P. No criteria for the accuracy of the approximation have been given. The development of accuracy criteria for, and refinements of, the local plane wave approximation constitutes one of the goals of the analysis in 4.2. The criteria are shown to be related to the size of the region on the interface over which the incident beam field can be approximated by an inhomogeneous plane wave [7] . The (1) , and hence the field, will be discontinuous across the cut, whereon one may locate the actual sources in real space that produce the field. Although the location of the cut emanating from the branch points is arbitrary, once a cut such as that in Fig. 1 In evaluating (10) by the method of steepest descent, the original integration path along the real -axis on the top Riemann sheet (where the square roots have positive imaginary parts) is deformed into the steepest descent paths through one or more of the saddle points , which are found by requiring that dP/d vanish at . The number and choice of the saddle points through which one deforms the path is determined by the requirement that no contribution to the integral come from path segments at infinity that are used to connect the endpoints of the steepest descent paths and the original integration path. Because of the relative complexity of the phase function (11) , it is difficult to determine the choice of the saddle points by studying its analytic properties. However, insight into the problem is gained from simple ray-optical considerations discussed below. Subsequently, approximate expressions for the location of relevant saddle points are developed that lead to physically meaningful approximations for the transmitted field over the ranges of interest.
For conceptual simplicity, assume that a real line source is located in the denser of the two media, as in Fig. 4 ; the case when the source is located in the less dense medium can be treated by reciprocity considerations. The source emits rays in all directions, half of which are incident on the interface. Each observation point in medium II is illuminated by one refracted ray produced at the interface by a ray whose incidence angle is less than the critical angle. As is well known, the field of this ray corresponds to the contribution to (10) from a saddle point located in the interval -d2/el < < de2/el along the real axis. Rays incident on the interface at angles greater than the critical angle excite fields in medium II that, based on the local plane wave character of the incident field, are expected to decay away from the interface. Thus, in some regions of medium II, a contribution to (10) will arise from a second saddle point 2. For observation points near the interface, s2 will lie near the intervals w/e/e < ]l < 1, although not on these intervals since the saddle point condition dPt/d 0 is not satisfied there, except for z 0.
In the case of a beam source, all of the saddle points are, in general, complex. However, it is expected that a contribution to (10) will arise from a saddle point near the interval -w/e2/e < < deZ/el along the real axis, and in some regions of space from a second saddle point s2 near the segments w/e2/e < l1 < 1.
When the beam incidence angle is less than the critical angle Oc, the contribution In regions where an isolated saddle point {si gives the dominant contribution to (10) For observation points near (Yo, Zo), the saddle points will be near sin so that the phase function P, of (11) In the case of a real line source located at (0,-zb), the mathematical ex-. tensions into the region z < 0 of the rays transmitted into medium II are tangent to a virtual caustic lying in the region z < 0. The point of tangency to the caustic of the extension of the transmitted ray making an angle at with the z-axis can be shown to coincide with the location described above for the virtual beam source. This correspondence between a divergent bundle of real rays and a Gaussian beam was previously recognized by Deschamps and Mast [11] , who studied the propagation of Gaussian beams through lens systems.
4.2. Evanescent beam field for e > ee and > 0 c. When 1 > e and thebeam is incident on the interface at an angle > 0c, the saddle point se provides the dominant contribution to the field for observation points in medium II that lie near the interface and in the vicinity of the point of incidence of the beam axis. At these observation points, the field is asymptotically given by (13) with si s2" For observation points on the interface z 0, the saddle point s2 o(Y) is complex, but can be found in closed form as (y y')/Di, where Di is the complex displacement from the source point y'= ib sin and z'= -zb + ib cos to the point of incidence (y, 0) on the interface. 
Ee(y where E is the field incident on the interface at the normal projection of the observation point.
Although o is complex, its real part is greater than x//e2/el so that (24) complex transverse wave number ko times the half-width of the region on the interface over which the incident field has essentially linear phase variation. This interpretation is analogous to, and actually consistent with, the local properties of evanescent plane waves that were previously obtained [7] .
The foregoing discussion of the evanescent field Es2 for > 0, is relevant to the region in medium II where this field is exponentially stronger than the refracted-ray field, or at least of the same exponential order. The evanescent region in medium II, where this condition is satisfied, is discussed below. For y > z tan 0 and > Oc, the refracted-ray field, which corresponds to the contribution from the saddle point x, exhibits a slow exponential decay with z due to the pattern of the source. While the actual strength of the refracted-ray field may increase initially with z due to its algebraic dependence on z, only its exponential order is of interest here. A lower bound on the depth z(y) of the evanescent region may thus be obtained by comparing the exponential order of the evanescent field with that of the refracted-ray field at the interface.
In the limit as z 0 for y > z tan 0, it can be shown that the saddle point 1 giving rise to the refracted-ray contribution approaches sin 0 ez/e. From (11) , the imaginary part of P(sin Oc; y, 0) is found to be [-b Two examples of the evanescent region described by (29) are plotted in Fig. 6 .
As shown in Fig. 6(a) , the evanescent region extends to y ov for 20 0c > but is confined to the neighborhood of the beam center for e closer to 0c, as in Fig. 6(b 
